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Abstract
Background: Trials evaluating the impact of mobile phone text-messaging to support management of acute
diseases, such as malaria, are urgently needed in Africa. There has been however a concern about the feasibility
of interventions that rely on access to mobile phones among caregivers in rural areas. To assess the feasibility and
inform development of an intervention to improve adherence to malaria medications and post-treatment review,
mobile phone network, access, ownership and use among caregivers in western Kenya was assessed.
Methods: A cross-sectional survey based on outpatient exit interviews was undertaken among caregivers of
children with malaria at four trial facilities. The main outcomes were proportions of caregivers that have mobile
signal at home; have access to mobile phones; are able to read; and use text-messaging. Willingness to receive
text-message reminders was also explored. Descriptive analyses were performed.
Results: Of 400 interviewed caregivers, the majority were female (93.5%), mothers of the sick children (87.8%) and
able to read (97.3%). Only 1.7% of caregivers were without any education. Nearly all (99.8%) reported access to a
mobile signal at home. 93.0% (site range: 89-98%) had access to a mobile phone within their household while
73.8% (site range: 66-78%) possessed a personal phone. Among caregivers with mobile phone access, 93.6%
(site range: 85-99%) used the phone to receive text-messages. Despite only 19% having electricity at home nearly
all (99.7%) caregivers reported that they would be able to have permanent phone access to receive text-messages
in the next 28 days. Willingness to receive text-message reminders was nearly universal (99.7%) with 41.7% of
caregivers preferring texts in English, 32.3% in Kiswahili and 26.1% in Dholuo.
Conclusions: Despite concerns that the feasibility of text-messaging interventions targeting caregivers may be
compromised in rural high malaria risk areas in Kenya, very favourable conditions were found with respect to
mobile network, access and ownership of phones, use of text-messaging and minimum literacy levels required for
successful intervention delivery. Moreover, there was a high willingness of caregivers to receive text-message
reminders. Impact evaluations of carefully tailored text-messaging interventions targeting caregivers of children with
malaria are timely and justified.
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Background
The expansion of mobile network coverage, the rapid
growth in mobile phone penetration and decreasing costs
of phone services has been seen as an opportunity to overcome communication, infrastructure and human resource
weaknesses of health systems in Africa [1,2]. This could potentially result in improved medical and public health practice - the relatively new concept known as mobile health or
mHealth [2]. Despite limited impact evidence of mHealth
in Africa [3-6], several patient targeted trials based on the
least expensive text-messaging phone function have shown
encouraging results in improving adherence to medications
[7,8], post-operative clinic visits [9], and skilled delivery attendance [10]. Interestingly, while most studies focused on
chronic conditions and long-term therapies, the trials evaluating impact of text-messaging to support management of
acute diseases have rarely been performed [11]. This could
be of particular interest for malaria, a major cause of death
in young children in Africa whose management is commonly characterized by patients’ non-adherence to complex
dosing regimens, weak follow up and high risks of poor
clinical outcomes and anti-malarial drug resistance [12-17].
Despite growing trends in network and mobile phone
coverage across Africa, it has been found that even in the
countries with high penetration such as Kenya, the basic
technology interventions using low-end mobile phones and
text-messaging may be subject to access disparities with respect to geographical area, gender, age, education, literacy,
urbanization and poverty [18,19]. Such disparities are of
concern for malaria control where populations at highest
risk of poor outcomes are rural communities with coincidental lower levels of literacy and socioeconomic status.
A multi-centre trial is currently prepared at Kenyan public health facilities to evaluate the effects of text-message reminders on adherence to medications and post-treatment
review for children with uncomplicated malaria. The intervention conceptually entails automated one-way distribution of text-message reminders timed to the dosing of
the first-line therapy for malaria in Kenya, artemetherlumefantrine (AL). The text-messages will follow the
recommended six-dose AL regimen over three days with
follow-up reminders to bring children back to the facility
for clinical and parasitological evaluation on day 4, day 28
and any time in-between if the child does not get better.
To assess feasibility and inform development of the intervention, mobile phone access, ownership and use among
caregivers attending the trial sites was assessed and their
willingness to receive the intervention was explored.
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and Rarieda districts have a combined population of
292,080 with a density of 997 persons per km2. The population is predominantly of Luo ethnicity and earns its living
through subsistence farming and fishing. The area is largely
rural with urban settlement limited to one town, Bondo.
Bondo and Rarieda districts are located in Nyanza Province,
which has the highest infant and under-five mortality rates
in Kenya of 95 and 149 deaths per 1,000 live births respectively [20]. In 2008, the respective infant and under-five
mortality rates of 105 and 212 deaths/1,000 live births were
reported within the Health and Demographic Surveillance
System area, which covers part of Rarieda district [21]. Malaria transmission is high with seasonal peaks in May–July
and October–November. In 2010, Plasmodium falciparum
prevalence rates in children aged 2–10 years (PfPR2-10)
were estimated at 49.4% across Siaya County with 41.5% of
the population living in areas where PfPR2-10 is greater than
50% [22]. Of 52 public health facilities in Bondo and
Rarieda districts, 14 have a laboratory capacity for malaria
microscopy of which the following four were selected for
the trial sites: Bondo and Madiany district hospitals, GotAgulu sub-district hospital and Ndori health centre. Bondo
District Hospital is the referral facility and the only one located in urban area.
Data collection and definitions

A cross-sectional quantitative survey based on outpatient
exit interviews was undertaken at each of four study facilities until 100 consecutive participants were enrolled at
each site. Data were collected between 2nd and 30th July
2013. All caregivers of sick children underwent rapid
screening when they were ready to leave the facility. The
inclusion criteria for the exit interview reflected those for
the trial and included: caregivers of children below five
years of age; those with children treated for malaria on an
outpatient basis without being referred for hospitalization;
and those caregivers who would be administering the 3day course of malaria medications at home. At each site
data were collected by a trained study nurse experienced
in exit interviews and prior mHealth assessments [19].
During the interviews, caregivers were asked about their
demographics; education level and literacy; availability of
mobile phone networks at home; patterns of access, ownership and use of phones; willingness to receive textmessage reminders on administering malaria medications
and when to come back to the facility; and language preferences for messages. Finally, the brand and model of
mobile phones was recorded for all respondents who
brought the phone to the health facility on the survey day.

Methods
Description of study area

Data management and statistical analysis

The study sites include four public health facilities in
Bondo and Rarieda districts of Siaya County in Kenya
(Figure 1). According to the latest 2009 census, Bondo

All paper-based questionnaires were entered daily in Access data base (Microsoft, USA) by the data manager
who was also the supervisor of data collection. All
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Figure 1 The map of Bondo and Rarieda districts with study health facilities.

analyses were performed using STATA, version 11 (Stata
Corp, College Station, Texas). Descriptive analyses reporting frequencies were undertaken for each study facility
and combined for the four sites. The primary study outcomes determining feasibility of the text-messaging intervention were proportions of caregivers: 1) residing at a
home with a mobile phone network; 2) having access to
mobile phones; 3) demonstrating basic literacy levels; and
4) using text-messaging mobile phone function. Caregiver
was defined as a person bringing a sick child to the health
facility and administering malaria medicines at home.
Education levels were defined as the highest level of education reached or completed. Availability of a mobile
phone network at home was determined using a proxy
measures based on the caregiver’s report. Access to a mobile phone was defined as either a personally owned phone
or access to someone else’s phone within the same household. To reflect the one-way distribution of the intervention, the use of text-messaging was defined as receiving

texts among caregivers with access to mobile phones.
Similarly, caregiver’s literacy was defined as their ability to
read three main languages (English, Kiswahili and Dholuo)
tested by interviewers. In addition to text-messaging,
the use of mobile phones was assessed for voice communication, mobile money transfers, internet browsing, and
e-mail communication among other phone functions. For
those caregivers who brought a phone to the facility, their
devices were classified as basic (voice and text-messaging
only), medium level (limited data transfer possible but not
on “smartphone” operating systems) and “smartphones”
(devices with Android, Symbian, iOS and Blackberry
operating systems).
Ethical approval

All caregivers provided written informed consent prior
to interviews. The study protocol was approved by the
University of Oxford (OXTREC-1011-13) and the Kenya
Medical Research Institute (SSC No 2554).
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Results
General characteristics of caregivers

Of 819 caregivers attending outpatient consultation with a
sick child, the most common reason for study exclusion
was absence of malaria treatment (371; 45.3%) followed by
child’s age (child older than 5 years) (66; 8.1%), administration of medicines at home by another person (27; 3.3%)
and child’s referral for hospitalization (15; 1.8%). Of 400
caregivers meeting the inclusion criteria, none of them refused consent and all completed interviews. The characteristics of caregivers were similar across all sites (Table 1).
The large majority were female (93.5%), mothers of the
sick children (87.8%) and with an average age of 27 years.
Only 19% reported living in a household with electricity,
the highest proportion found at the facility in Bondo town
(29%). Male and female children were equally brought to
the facilities with an average child’s age of 31 months. Less
than 2% of caregivers had not had any formal education;
93.5% had reached or completed primary or secondary
while post-secondary education was more common among
caregivers at Bondo district hospital (10%). Nearly all

(97.3%) caregivers were able to read either in Kiswahili,
Dholuo or English; more commonly in Kiswahili (93.8%)
than in English (87.5%), while the ability to read vernacular
Dholuo was less common at only one site (82%). On average caregivers reached facilities from their homes within
half an hour with the large majority either walking or using
low cost bicycles “boda-boda” depending on the site and
the availability of these transport facilities (Table 1).
Network, access, ownership and use of mobile phones

Mobile network signal at caregivers’ homes was nearly
universal (99.8%) (Table 2). The large majority (93%; site
range: 89-98%) of caregivers had access to mobile phone
within the household. Nearly three-quarters (74%) owned
personal phones (site range: 66-78%). Among 77 caregivers having access to someone else’s phone, 78% used
their husband’s phone. Over three-quarters (77%) of
phone owners had only one phone number while among
the remaining 68 caregivers with two numbers 94%
never change their SIM cards mainly due to use of dual
card phones.

Table 1 General characteristics of caregivers, by study site
Female

Bondo DH N = 100

Got Agulu SDH N = 100

Ndori HC N = 100

Madiany DH N = 100

All sites N = 400

94 (94%)

95 (95%)

94 (94%)

91 (91%)

374 (93.5%)

Age (mean in years)

28

25

28

27

27

Brought female child

53 (53%)

48 (48%)

50 (50%)

47 (47%)

198 (49.5%)

31.0

28.2

30.0

34.3

30.9

Mother

91 (91%)

93 (93%)

81 (81%)

86 (86%)

351 (87.8%)

Father

6 (6%)

2 (2%)

3 (3%)

5 (5%)

16 (4.0%)

Grandmother

2 (2%)

1 (1%)

5 (5%)

4 (4%)

12 (3.0%)

1 (1%)

4 (4%)

11 (11%)

5 (5%)

21 (5.3%)

Child’s age (mean in months)
Relation to child

a

Other

Education
No formal education

1 (1%)

2 (2%)

3 (3%)

1 (1%)

7 (1.8%)

Primary

60 (60%)

68 (68%)

74 (74%)

66 (66%)

268 (67.0%)

Secondary

29 (29%)

26 (26%)

21 (21%)

30 (30%)

106 (26.5%)

Post-secondary

10 (10%)

4 (4%)

2 (2%)

3 (3%)

19 (4.8%)

Kiswahili

94 (94%)

91(91%)

97 (97%)

93 (93%)

375 (93.8%)

Dholuo

92 (92%)

82 (82%)

97 (97%)

96 (96%)

367 (91.8%)

English

86 (86%)

91 (91%)

81 (81%)

92 (92%)

350 (87.5%)

1 (1%)

18 (18%)

2 (2%)

2 (2%)

23 (5.8%)

Walking

42 (42%)

34 (34%)

86 (86%)

60 (60%)

222 (55.5%)

Boda boda

52 (52%)

65 (65%)

10 (10%)

40 (40%)

167 (41.8%)

Able to read

b

Other

Reached facility by

Bus/matatu
Has electricity at home
a

6 (6%)

1 (1%)

4 (4%)

0

11 (2.8%)

29 (29%)

22 (22%)

17 (17%)

8 (8%)

76 (19.0%)

includes aunt (13), sister (4), grandfather (2), brother (1) and uncle (1).
includes Luhya (19), French (1), German (1), Kalenjin (1) and Kamba (1).

b
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Table 2 Mobile network, access, ownership and use of phones, by study site
Network coverage, phone access and ownership
Mobile network at home

Bondo DH

Got Agulu SDH

Ndori HC

Madiany DH

All sites

N = 100

N = 100

N = 100

N = 100

N = 400

100 (100%)

99 (99.0%)

100 (100%)

100 (100%)

399 (99.8%)

Has access to mobile phone

98 (98%)

90 (90%)

95 (95%)

89 (89%)

372 (93.0%)

Has personal mobile phone

78 (78%)

66 (66%)

73 (73%)

78 (78%)

295 (73.8%)

N = 98

N = 90

N = 95

N = 89

N = 372

Use of mobile phones
Voice

98 (100%)

90 (100%)

95 (100%)

89 (100%)

372 (100%)

Receive SMS

97 (99.0%)

86 (95.6%)

89 (93.7%)

76 (85.4%)

348 (93.6%)

Send SMS

91 (92.9%)

81 (90.0%)

83 (87.4%)

74 (83.2%)

329 (88.4%)

Money transfer

92 (93.9%)

79 (87.8%)

74 (77.9%)

81 (91.0%)

326 (87.6%)

Browsing

9 (9.2%)

13 (14.4%)

4 (4.2%)

19 (21.4%)

45 (12.1%)

E-mail

5 (5.1%)

12 (13.3%)

2 (2.1%)

17 (19.1%)

36 (9.7%)

Brought phone to the facility

63 (64.3%)

44 (48.9%)

49 (51.6%)

56 (62.9%)

212 (57.0%)

Able to charge phone at home

29 (29.6%)

22 (24.4%)

17 (17.9%)

8 (9.0%)

76 (20.4%)

Patterns of SMS receiving

N = 97

N = 86

N = 89

N = 76

N = 348

No of SMS/week (median[IQR])a

5 [3-10]

7 [5-10]

5 [3-10]

21 [14–35]

9 [4-20]

96 (99.0%)

86 (100%)

89 (100%)

76 (100%)

347 (99.7%)

88 (90.7%)

75 (88.2%)

68 (76.4%)

72 (94.7%)

303 (87.3%)

9 (9.3%)

6 (7.1%)

20 (22.5%)

3 (4.0%)

38 (11.0%)

0

4 (4.7%)

1 (1.1%)

1 (1.3%)

6 (1.7%)

Able to open and read SMS
Reading of SMS (day time)a
Immediately
Within 1 hour
After 1 hour
Reading of SMS (night time)
Immediately

23 (23.7%)

33 (38.8%)

75 (84.3%)

29 (38.2%)

160 (46.1%)

In the morning

74 (76.3%)

52 (61.2%)

14 (15.7%)

47 (61.8%)

187 (53.9%)

a

Denominators for these variables at Got Agulu SDH and at all sites do not include one observation with missing value.

Mobile phones were brought to the facility by 212 (57%)
of caregivers, more commonly by those having personal
phones (71%) than those having access to someone else’s
phone (5%). Two-thirds (65.4%) of caregivers had basic
phones, one-third (32.7%) medium level ones while only
1.7% caregivers had “smartphones”. Only 3.3% of phones
had empty battery at the time of the interview. Among
phone owners the most common reason for not bringing
phone to the facility was charging of phone (87.5%). Despite only 19% of caregivers having electricity at home and
the majority (63%) charging phones at nearby shopping
centres, nearly all (99.7%) reported that they would be able
in the next 28 days to have permanent access to phones to
receive text-messages.
Among caregivers having access to phones, all used
the voice function of the phone to make or receive calls
and a large majority (94%; site range: 85-99%) also reported using phones to receive text-messages (Table 2).
The median number of text messages received per week
was 9 and nearly all caregivers (99.7%) responded that
they are able to open and read messages by themselves.
The use of other phone functions such as those to send
text-messages and do SMS money transfer were also

widespread (88%), however, the use of phones for data
transfer such as internet browsing and e-mail was less common (12% and 10% respectively). When a text-message was
received during the day-time, nearly all caregivers (98.3%)
reported that they read it either immediately or within one
hour after its receipt. Interestingly, all caregivers reported
receiving messages at night and 46% reported that they
would read such messages immediately they arrived, even if
they had been asleep.

Willingness to receive text-message reminders and
language preferences

The caregivers’ willingness to receive text message reminders was very high. All reported that they would like to
receive text-message reminders about giving medicines to
their child and nearly all (99.7%) expressed a wish to receive
reminders to bring their child back for post-treatment review. Greater variability was observed with respect to language preferences. English was the text-messaging language
of choice for 41.7% of respondents (site range: 26.3-51.7%),
Kiswahili for 32.3% (site range: 16.9-46.7%) and Dholuo for
26.1% (site range: 14.4-34.7%).
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Discussion
The feasibility, patterns of use and acceptability of using
mobile phone text-messaging to improve malaria treatment adherence and post-treatment review was investigated in an area of high malaria risk in Kenya. Despite
some concerns that feasibility may be severely compromised by the rural setting; the target population of children and women; poor health and economic indicators;
and limited education and literacy levels, we found highly
favourable conditions for testing the impact of the proposed intervention. The findings have shown that the large
majority of caregivers attending public facilities with children sick with malaria are able to read (97%); live in
households covered by a mobile phone network (100%);
have high mobile phone access (93%) and personal ownership (74%); and are commonly using the text-messaging
phone function (94%). The impact evaluations of textmessaging interventions targeting caregivers of children
with malaria are, therefore, not premature but indeed
timely in this study setting.
The coverage with a mobile network will ultimately determine the feasibility of any mHealth intervention. The
findings among caregivers’ attending public facilities
within the study area are in line with the national reports
of over 90% of signal coverage among similar populations
[19]. They are however higher than in many African countries where the absence of a mobile signal may be the
major impediment to effective mHealth interventions [23].
Importantly, very high mobile phone penetration and indeed significantly higher access and personal ownership
was observed than found in household surveys among the
general population in 2010 in Nyanza Province (access
57%, ownership 26%) [24], in 2011 among mothers of
newborn children in one village in a neighbouring area
(ownership 26%) [25], and nationally in 2012 in Kenya
among caregivers presenting to public health facilities (access 86%, ownership 61%) [19]. Despite limitations of the
comparisons due to different definitions, age groups and
study populations, these optimistic 2013 results suggest
continued growth in mobile phone penetration in Kenya
providing feasibility reassurance for the study without the
need for supply of mobile devices.
The characteristics of the study population, the patterns
of mobile phone use and the willingness of caregivers to
receive text-message reminders provided important reassurances and additional challenges to be addressed during
the intervention development process. First, despite the
fact that over 90% of caregivers’ are able to read the national language (Kiswahili), there was high variability in
language preferences suggesting that the optimum intervention should provide an option of language selection
among the three most commonly used languages in the
area. Second, the finding that over 90% of caregivers
already use mobile phones to receive text-messages with
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all of them able to open and read messages by themselves,
suggests that caregivers’ orientation on the use of SMS
function would be rarely required and consideration of an
alternative delivery mode based on voice reminders is by
in large redundant [26]. Third, the risk of non-exposure
due to exchange of SIM cards is very low since over threequarters of caregivers have only one phone number and
those having two numbers mainly use dual card phones.
Fourth, it was found that even when phones are owned,
some caregivers may not bring the device with them to
the facility. While mobile devices are not required for
registration into the intervention and do not preclude the
intervention delivery, attention will need to be paid to ensuring that correct phone numbers are communicated
during the registration process. Fifth, charging of the
phones outside of the households may be a major prohibiting barrier for timely access to the text-messages. Basic
phones used by the large majority of caregivers which require short and uncommon charging, as well as caregivers’
responses that permanent access to text messages can be
ensured at all times during the intervention delivery, provided some reassurance. However, attention will need to
be paid to ensure that the wording of text-messages reflects possible transmission delays and that the evaluation
of the intervention exposure includes SMS delivery reports or other appropriate methods of measuring timely
exposure. Finally, despite the possibility of courtesy bias,
the extent of nearly universal willingness of caregivers to
receive text-message reminders suggests that SMS based
interventions are timely and appealing to the population
in study area.

Conclusions
Despite concerns that the feasibility of mHealth textmessaging interventions targeting women and children
may be severely compromised in rural, high malaria risk
areas in Kenya, very favourable conditions were found
with respect to mobile network, access and ownership of
phones, use of text-messaging and minimum literacy
levels required for successful intervention delivery. Moreover, there is a high willingness of caregivers attending
public health facilities to receive text-message reminders
for medication adherence and post-treatment review. The
impact evaluations of carefully tailored text-messaging
interventions targeting caregivers of children with malaria
are timely and justified.
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